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Hybiid Somatic Cells’ 77~ 

Body cells of different species can now be crossed to form sorn~tic 
,hybrids. This alternative to sexual breeding should facilitate the 
study of human genetics and provide insights into differentiation J J ” v Jd 

hy Boris Ephrussi and Mary C. Weiss 

0 ne of the most powerful tools 
available to the biologist is genet- 
ic analysis, through which the 

hybrids were produced by crossing vari- 
ous pairs of cell lines. 

structure of the hereditary material and 
its relation to the functions of cells and 
organisms are revealed in great detail 
and with high resolution by the manner 
in which various characteristics are 
passed from one generation to the next. 
At first this analysis was made through 
sexual breeding, which is easily accom- 
plished in such organisms as the fruit 
fly Drosophila or the mold Neurospora. 
Much of modern genetics, however, 
rests on information gained by taking 
advantage of processes that represent al- 
ternatives to sexual breeding. These al- 
ternatives were first exploited for the ge- 
netic analysis of bacteria and viruses. 
Now such an alternative to sexual breed- 
ing has been developed for the genetic 
analysis of higher animals, including 
man. The new procedure stems from the 
discovery that somatic cells (body cells, 
as opposed to eggs and sperm) can be 
crossed to form hybrid cells that live and 
multiply. 

It became clear that the hybrids were 
not mere curiosities. They have tw~r 
properties that make them suitaW for 
genetic analysis. First, both se& of chro- 
mosomes’are functional,&nd the hybrids 
therefore exhibit t&a hereditary charac- 
teristics of be& parents. Second, as the 
hybrids multiply they lose some of their 
chromosomes, and this process produces 
cells with many different constellations 
of “parental” genes. 

The technique was discovered in 1960 
by George Barski, Serge Sorieul and 
Francine Cornefert of the Institut Cus- 
tave Roussy in Paris. They had mixed 
together cultures of two different mouse- 
cancer cells that could be distinguished 
by differences in cell morphology and 
in the shapes of some of their chromo- 
somes, the threadlike structures in which 
the genes are arranged. After a few 

. months they saw that a few cells of a 
new type had appeared, containing in a 
single nucleus the chromosomes of both 
parents. They were hybrid cells; they 
had arisen by the fusion of pairs of cells 
of the two different types, Barski and his 
colleagues went on to produce pure cul- 
tures of these hybrid cells and grow 
them successfully. Soon other somatic 

T 
he genetic analysis of hybrid ,celh 
has been brought to bear on a num- 

ber of biological problems. One problem 
is the formal genetics of higher animals, 
including m;ul: the location of genes on 
specific chromosomes. Breeding analysis, 
which is effective for this purpose in 
lower animals and plants, is too slow in 
mammals (even in mice the generation 
time is about three months), and it is im- 
possible in man. The analysis of somatic 
cells, on the other hand, proceeds with- 
out any breeding of individuals, and the 
generation time for somatic cells (from 
one cell division to another) is generally 
between 12 and 24 hours. Another prob- 
lem under study is that of cellular differ- 
entiation, the process whereby cells that 
presumably have 11-c. same Green .‘b 
equipaent become u %I-( 18 tly <n,rc 
ized in form and function. To investigate 
the mechanisms that bring this about 
one must work with cells that have un- 
dergone differentiation; somatic hybridi- 
zation makes it possible for the first time 
to apply genetic analysis to differentiat- 
ed cells. We shall give an account of the 
first results in both areas of investigation 
after describing the methods of somatic 
hybridization and the relevant proper- 
ties of hybrid cells. 

zation are those of standard cell culture, 
in which, cells taken from a bit of tissue 
a&allowed to settle out of a suspension 
and proliferate to form a layer on the 
bottom of a laboratory dish [see illus- 
tration on page 281. To give the cells 
room to grow the layer is periodically 
broken up, and a few of the cells are 
transferred to a new dish; these “serial 
passages” can be repeated many times, 
and some cells go on multiplying indefi- 
nitely. Such a culture is heterogeneous, 
having been derived from a fragment 
containing several cell types. In order 
to obtain uniform populations of cells 
one must inoculate a cultn~ r!i& with 
a very srn;lll number of lrig;~r~ dispersed 
cells. $0 tllilt c,,rch produce< t discrete 
“ChlP,” or a coIony that rellrl:seuts the 
progeny of a single cell. 

Experiments in hybridization begin 
with a mixed culture of two parent cell 
lines, each characterized by the presence 
of marker chromosomes not found in the 
other. After a few days or weeks of 
growth one can identify hybrid ceils by 
examining chromosome preparations. 
The drug colchiciue is added to the me- 
dium to arrest ce’l division in metaphase, 
a stage that is favorable for observation 
of the chromosomes. The cells nre fixed, 
pipett5.d onto a slide and stained. Under 

lj -2,. 3)scope such preparations show 
: T ,II z normal metaphase chromosome 
sets of both parental types, each recog- 
nizable by the number and shape of the 
chromosomes. If any hybrid cells have 
been formed, there will also be h~+rid 
metaphases, recognizable by the large 
number of chromosomes and by the pres- 
ence of marker chromosomes from both 
parents [see illustration on pugs’ 291. 

The basic techniques of cell hybridi- 

In Barski’s first hybridization experi- 
ment, performed in this manner, the hy- 
brids turned out to have a selective ad- 
vantage over the parental cells and grew 
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HYBRID CELLS and their parent cells are seen in a set of phase. 
contraAt photomicrogrephs made by the authors. Rat cells (top) 
and mouse rella (middle) are grown together in a cell culture. 
Some of them fuse and form hybrids, which are isolated and grown 
in a pure culture (bottom,. The rat cells tend to flatten out on 

the surface of the glass. culture dish and so they appear thin. The 
mouse cells nttach more loosely to the glass and therefore appear 
more refractile. The hybrid cells combine the morphological char- 
acteristics of both parent lines: they are more refractile thap 
the mouse cells but they attach more completely than the rat cells. 



more rapidly. and so they soon consti- I- W ~.i&i&M nf the .~OO,OOO parental cells (half of r&t 
tuted a large enough fraction of the total Harvard Medical School devi ed a SYS- &in&-..,.,..... 
cell population to be isolated by clan- tern for the selkctive isolation o +-- .__. With Richard L, Davidson, OIJe of us 
ing. One of us (Ephrussi), together with cells [she illwtrations on page 30 and at (we- mrlrlifiPrl T MefifJ~~‘~- 
co-workers first at the Laboratoire de toy of l>uge 31 J. He cultured, in. a me- 
GCnCtique Physiologique at Gif in 

__.... 
diup cytaining @he drug aminopterin, 

meth( 

France and then at Western Reserve 
tern th$t is more-~enerully.applical?l~~,,,,~, 

University, isolated a number of other 
tw~wl&hl,Lmutantca)ls......which only 01.Je parent cell line lacks one 
law for yf the e&ymes necessary for growth in ,_ 

somatic hybrids. In each case success gro w of aminopt~~in.,, 
depended on the hybrid’s having a selec- 

Little- -T-r parent 
When hybrid cells were formed, they can>e a normal line, carrying no selec- 

tive advantage in the mixed culture. were able to grow in the aminopterin 
--__- 

tive mark&, nrovided that it grows slow, 
Since hybrids were rare and it took a medium by virtue of mutual comple- ly or is inoculated in small numbers. 
long time for enough of them to accumu- mentation: each parent supplied the Assume, for example, that a dish is in- 
late so that they could be isolated, and 
since some crosses were almost surely 

gene for the enzyme the other parent oculated with a million enzyme-deficient 
lacked. Littlefield’s selective medium cells and only 100 normal cells. In the 

failing only because the hybrids had no therefore kills cells of both parent lines 
selective advantage, it was clear that a 

selective medium the majority parent 
but allows the survival and unhampered degenerates, leaving discrete colonies of 

method conferring a decisive selective growth of hybrid cells. In the course of the minority parent and of hybrid cells. 
advantage on hybrid cells would be ex- his experiments Li&fMd established The hybri~~l..~~~Q~nized.. 
tremely valuable. that one hybrid cell was produced per by th&r shape, and their hybrid Gature 

> 

TISSUE 

INCUBATED 
AT 37 DEGREES 

t 
REPEATED 

CLONING 

CELL CULTURE hegins with minced pieces of tissue from an If a large fraction of the cells are thereupon inoculated in new 
adult animal or embryo. Incubating the pieces in a digestive en- medium, the process is repeated. Such serial passages yield betero- 
zyme such as trypsin breaks them up into a suspension of single geneous cultures because the tissue pieces contained several kinds 
cells. Inoculated into a liquid nutrient medium and incubated, the of cells. If instead a few dispersed cells are inoculated (right b, they 
cells attach to the bottom of the culture dish and divide, produc- divide to form discrete Wanes.” or rolonies of the progeny of one 
ing a continuous sheet. The sheet is again digested with trypsin. cell. One clone is then selected with whirh to start o pure culture. 
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is col&med by examination o 
mnnnmes.-,-. 

f the chro- 

T hese selective systems were first ap- 
plied to intraspecific crosses (be- 

hveen different cell lines of the same 
species, usually the mouse). Then we 
managed to cross cells of different spe- 
ties. The first of these interspecific 
crosses involved rat ahd mouse cells; 
later hamster-mouse gybrids and finally 
mouse-hymen hybrids were obtained. 

much bewr than the iiitCi$pecitic hy- ---I-_-._ ^ _ _. 
br$s do. 

Since a genie can be recognized only 
when it mutates to an alternative form 
that is recognizable in the progeny, 
the existence of distinguishing genetic 
markers in the two parents that can be 
traced in,.the progeliy is a sine qua non 
of genetic analysis. In microbial genetics 
the most valuable markers have been en- 
zymes that exist in a normal form and 
also in a form altered by mutation. Such 
enzyme markers could serve in mam- 
malian-cell studies too, but the trouble is 
that the necessary mutations are rare 
and are more difficult to induce in mam- 
malian cultured cells than they are, for 
example, in bacteria. This paucity of 
markers led us in 1965 to undertake 
crosses between different species. We 
knew that as a consequence of evolution 
many animal species have come to pos- 
sess variants of the same enzyme that 
differ in their structure. These differ- 
ences affect the physical properties of 
the enzymes, so that the two variants can 
be distinguished by such methods as 
electrophoresis and chromatography. 
We could expect, therefore, that cross- 
ing cells of different species would yield 
hybrid cells endowed with many built-in 
enzyme markers. 

* , 

The only question remtining was 
not the genes of both par- 
in such cases be functional 

in the &brids. Fortunately that proved -. 

he parer&TX’&+ 

Iro- 

othyr enzymes that have been found in 
both parental forms in mterspeclhc hy- 
brid cells. 

METAPHASE chromosome preparations of 

The wealth of genetic markers in in- 
hybridization me shown (top and middle) 

terspecific hybrids fulfilled the first pre- 
tom). The chromosome1 DNA has been replicated and the two copies of each chromosome 
are joined to form Kshaped or X-shaped double chromosomes. The .eelLa&one lk&.@,p) 

requisite for genetic analysis. We soon 
found that the second requirement was 
fulfilled too: successive generations of tive (thin crrrotas). The hybrid cell (bo#om) contains the chromosomk of both parent lines. 

c-- 
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the interspecific hybrid cells contain de- many qarker chromosomes, since there __-_... - .._ ._ +c+ -&yotype was examined: the cells -_. 
creasing numbers of chromosomes as a are&tree differences in the shaws...and co-d all t 
result of the loss of chromosomes during sizes of the two 
cell dibision. The rate and the extent of 

species’ chromosomes 
[s& illustration on page 323. Analysis of 

-mosomes but only from two to 15 of the 
4& human chromosomes. Apparently 

the loss vary ,in different hybrids, but the numbers and kinds of chromosomes thesB hvbrids had lost’most of their hu- 
they are generally greater than they are in successive generations of rat-mouse ma beinp 
in the intraspecific hybrids. hybrids showed that although the de- formed. Thev continued to lose them as 

mosmntain .onl 

stable There 1s m loss-as one might Green, working at the New York Uni- 
expect, since’ the hybrids contain an ex- versity School of Medicine, succeeded 0 ne would like to be able to cross any 
cess of most genes and can therefore in crmmouse cells --.__ two cell types at will. Although Lit- 

e loss of some chromosomes. and found that the hybrids mesented an tlefield’s system and the half-selective 
trqme case of preferential chromo- system are in principle applicable to a 

20 -cent of the number of chrome-- so- The mouse-human hybrid la.rge number of crosses, they depend on 
sopres in the original fused nucleus, how- cells appeared from the beginning to be the introduction of specific mutations 
eveb so that even after hundreds of gen- different from other interspecific hy- into the cells to be crossed. In mamma- 
erations&e hybrid cells reta&most of brids. Instead of having some of the lian cells this is a difficult and time-con- 
the chrornQsomes of both parents. characteristics of each parent, they suming p+ocess, and for some kinds of 

In cpntiast tat?iZintrasp~~ific hy- looked mllPh libp +hPllc sells it mav be ‘impossible. During the 
brids, those produced by the fusion bf thalp the human=lls [see tllustration on -.-R-_^_- -.... 
cells of different species have a great -.-.._- _.____ f’age 341. The reason became clear when 

E SUGARS 

I  A 

time it takes to select cells with the Guta- 
tion resulting in the required enzyme 
deficiency, for example, other changes 
may occur that alter other cell properties 
one would like to retain. There are&y&y 
w2ys in-which one might bmass this 

bv devising a selective 

HGPRT - 

DNA SYNTHESIS from sugars and amino acids is blocked-by aminopterin (top). An al- 
ternative pathway depends on preformed nucleosides (DNA precursors) and the enzymes 
thymidine kinase (TK) and hypoxanthine guanine phosphoribosyl transferese (HGPRT). 
Cells with these enzymes can grow in a medium containipg aminopterin end-ides. 

1 

MUTANT LACKING 
IN ENZYME TK 

MUTANT LACKING 
IN ENZYME HGPRT HYBRii? CELL 

MUTATIONS produce some cells that lack TK but produee HGPRT (black dots) and some 
that lack HGPRT but produce TK (colored dots). If such cells are crossed, the hybrid cells 
contain the genes from both parent lines and therefore produce both parental enzymes. 

&rkers or by somehow increasing the- 
frwuency of cell fusion to such an extent 
thqthe hybrids no longer need to be 

cted. The second of these approaches 
has proved to be rewarding. 

Some year? ago Y. Okida of Osaka Unive the &XL&I 
ses ani- 

mal cells in suspension to clump togeth- 
er and that many of the clumped cells 
undergo multiple fusions. With this ob- 
servation in mind Henry Harris and 
J. F. Watkins of the University of Ox- 
ford were able in 1965 to bring about 
the fusion of different types of cells with 
Sendai virus that had been rendered 
noninfectious by ultraviolet irradiation. 
The virus treatment induced the forma- 
tion of giant cells with from two to 10 
or more nuclei-in some cases hetero- 
karyons, or cells with nuclei from differ- 
ent parents. Some of these nuclei fused, 
yielding hybrid karyotypes, but Harris 
and Watkins saw no hybrids capable of 
more than a few divisions. Yet the oc- 
currence of nuclear fusion, hybridization 
and some cell division, and the abselice 
of viral infection (since the virus was 
inactivated), implied that the method 
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WITH AMINOPTERIN WITH AMINOPTERIN 
AND NUCLEOSIDES AND NUCLEOSIDES 

KILLED CELLS 
KILLED CELLS 

HYBRID HYBRID ,NORMAL CELL 

. CELL B - . 

CELL A HYBRID CELL B 

SELECTIVE SYSTEMS are required in order to isolate the rare’ ent cell lacks an en- 
hybrid cells from the proliferuting parent lines. One selective sys- 
tern (a) dep&s on the enzyme activity outlined in the illustration 

zyxpe, but since only a few of the other (normal) cells are inocu- 

II__- late&the rare but discrete hybrid colonies can be isolated. In virua- . _ 
on the opposite pgg& Cells lacking either enzyme are killed; hy- 

. . . Nlrla.&& enzymes, live and form coloniee (color). 
induc_ed hyhridisation (c) any two cells can be crossed. The VA.- 

%e caps6 a them to clump and fuse, promoting hybrid formation.*‘ , 

1 

MOUSE MOUSE 
PARENT 

,. , 

. I  

HYBRID RAT 
PARENT 

RAT 

ENZYME MARKERS are available in somatic cells because differ- 
ent species contain slightly different forms of the same ensyme. 

diaphragm yields five different LDH bands in edch (left and rigW4 
The two No. 5 bands are present in the parental cells used h 

Theee forms can he separated on the basis of their mobility in an 
electric field. Electrophoreais of the LDH found in mouse and rat 

hybridization. The hybrid haa both parental bandr sod oloo l& 
three intermediate bands repreeeating hybrid m&c&s (cu&.& 



! CHROMOSOMES of the rat, mouse and rat-mouse hybrid cells fl- 
lustrated on page 27 are displayed here in two forms: metaphase 
figures (left) and karyograme (right), in which the chromosomee 

in groups on the baeie of shape and eire. T&e 42 rat 
(top) include large ones like unbalanced X’e (thin 

.- 

orr~wa) and small X-shaped onee. The myse parental eell,(mfd- 
die) lp~ an abnormal number of ehromosomsr. 54 metead of the. 
nsnal distinctive X-shaped one (he~y WTOW) as well OB 

. . 
the ueual Vghaped ones. The a.tk 
waa;made (bottom) has 89 chromosomee, of both parental type,. -. .---..... -.. 
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could be developed to provide large hybrids; since many enzymes a& com- 
numbers of hybrids capable of pro- posed of subunits, molecules of this kind 
longed multiplication. are probably common in hybrid cells. 

This was achieved by George Yer- The existence of functional hybrid en- 
ganian and M. B. Nell of the Children’s zymes was not i&elf a surprise. Clem- 
Cancer Research Foundation iu Boston ent L. Mark& ofgohns Hopkins Univer- 
and then by Hayden Coon and one of sity had earlier produced such ‘LDH 
us (\\‘eiss) at the Department of Embry molecules by chemical methods. What is 
ology of the Carnegie Institution of surprising is to find that homologous 
\Vashington. In the latter case the cell genes that have diverged as widely as is 
lines involved were such that’ the fre- suggested by the different structures of 
quency of virus-induced hybrids could the enzymes they specify can still pro- 
be compared with that of spontaneous duce proteins similar enough to associ- 
hybrids isolated by the selective tech- ate into molecules whose enzym& activ- 
niques, and so it was possible to deter- 
In’/ 

ity can fully satisfy the requirements of 
~IK the efiectiveness of the virus in a living cell. 

Pmmcrtillrr_hvbridizat.. i n. Viable hybrids 
he two examples we shall give of 
current experiments utilizing somatic 

tifated virus than they did in cultures hvbridization have to do with the for- 
le$Y to spontaneous hybridization. JFe ma1 genetics of man and with the study 
virus-induced hybrids proved to have of gene expression and its control in cel- 
the same properties as the spontaneous lular differentiation. 
ones and can therefore be used for the Study of the formal genetics of any 
same kinds of experiments.,& is now pos- organism begins with the determination 
siblwake crosses between cells to %f linkage groups and the assignment ^, 

ctlve svstem is anDlicable. -of genes to specific chromosomes. Then 

croup desivnated E. Presubly this 
&r&no&me carries the thvmidine ki- 

tbymidine kinase. None of the cells that 
sum this treatment contained the 
chromosome in question. ..^_. 

The mouse-human hybrids can sureli 
lK!Uh .^ 

kinase.l Because of the physical differ- 
ences between mouse and human forms 
of many enzymes, one can find out 
which human enzymes are retained in 
various hvbrid nonulations, and so cor- 

,  I I  /  

rel te the presence of the enzyme with 
th+ of a specific chromosome. Similar I.I 
experiments should reveal the location 
inhuman chromosomes of genes that de- 
te~nline the presence of. antige &so- - matic- hvbridization has already shown 
tl%t genes for human antigens must be -. .-. 

and t ould mean that almost any .-.-. 
two ce& can be crossed and the result- . 
il .’ +&&ud can be isolated. 

0 ne of the most interesting findings of 
somatic-hybridization studies is the 

very fact that somatic cells of different 
origins are compatible. The incompati- 
bility between the sperm of one species 
and the egg of another is well estab- 
lished; in extreme cases an egg fertilized 
by a sperm of another species immedi- 
ately expels the nucleus of the sperm. It 
is therefore surprising to see that the 
nuclei of cells of two different species 
fuse and in most cases at once begin to 
function harmoniously. This implies that 
the intracellular signals that dictate the 
sequence of biochemical events in one 
parent’s division cycle must be “under- 
stood” by the components of the other 
cell-in spite of the millions of years dur- 
ing which mammalian species have di- 
verged from their common ancestors by 
accumulating gene mutations. 

A related finding is that the hybrid 
cells synthesize hybrid enzymes that 
function satisfactorily. As we mentioned 

genes are localized in specific segments 
of the chromosomes, establishing genetic 
maps for the species. The required data 
are ordinarily obtained by sexual breed- 
ing over many generations, each involv- 
ing skgregation and recombination: the 
processes, which occur during formation 
of the germ cells, by which the various 
parental genes are distributed in differ- 
ent assortments to different daughter 
cells, resulting in progeny with a range 
of different characteristics. In effect, the 
loss of chromosomes by successive gen- 
erations of somatic hybrid cells takes the 
place of the segregation and recombina- 
tion that occur in germ cells, making it 
$ossible to begin to determine human 
linkage groups. 

ac ’ ’ tiwnf.tlle.hvbridr- 
tied to the number of human chromo- -_,_-.^ I 
som . WpAddineaDurified 
antiseruQ that acts against a specific ajiY-. 
tigen sl-&d make it mssible to trare. 
th* antigen’s gene to a single chromo- 
some. In short, It appears likely ?liai-- , 
within a few years a numb& of human 
genes will have been assigned to specific 
chromosomes. Whether more refined 
genetic analysis and mapping will be 
possible with somatic hybrids depends 
on whether genetic events comparable 
to those that produce recombination 
within the chromosomes of germ cells 
occur also in mammalian somatic cells. 

L Mouse-human hvbrids even&&&se Orasses between differentiated and 
@-their human chromosomes. Bv studv- Li undifferentiated ce!ls, or between 
ing themHa stage when they contain 

los;-..of 
differently differentiated cells, can pro- 
vide information on the nature of the 

a specific human Pene m-o- the 
of a specific chromosome. So far this cialization. The activities of somatic cells 

divided into hvo general cate- 

ra-mouse hybrids synthesize 

meuse cells Weiss and Green used were gories. There are “essential” functions 
d+c ieht in thymidine kinase, one of the that are indispensable for the cells’ own 
enves required for growth in Little- maintenance and growth and there are 

., field’s mediu~wth : 
- _ .----. _. Lnpr1,1117. ed “luxury” functions, such as _ _ rental forms of the enzvme LDH. of h&rid cells maintained in the selec- the..formation of muscle fiber, the secre- 

olmones and the product& of 
, that are necessary for the sur- 

al nf..the organism but not for the 
of isolated cells. The essential 

functions are expressed in all growing 
somatic cells. Each luxury function, on 
the other hand, is expressed in a differ- 
ent line of -specialized cells. In 1961 



MOUS~HUMAN hyhride are illustrated by the cell cultures (lejt) 
and the karyograms (right) of the mouNe parent line (top), the hu* 
mna parent (middle) and the hybrid (bottom). The human cells, 
derived from embryonic lung tissue, contain the normal number of 
chromosomes (46, or 23 paire), arranged here in the usual Beven 

A (l-3) B (4-5) X 

K1S XX 1(8 xfi KX Kx fiti 
C (6-12) 

AA nn on X# nx AA 
D (1345) ’ E (lF-‘!$;I 

Yh 1x AA An 
F (19-20) G (21-22) 

groups (plus the two female sex chromosomes). Except for a’ tend- 
ency to: align in parallel, the hybrid cells look more like the mouse 
cells than the human ones. Thin is in keeping with the fact that 
the h+id karyogram con&ins only 14 of the 46 human chromo- 
somes, yhich are readily distinguished from mouse enrow . --.. 
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Francois Jacob and Jacques Monod of 
the Pasteur Institute in Paris discovered 
mechanisms that regulate the activity of 
genes in bacteria. It is generally believed 
that similar mechanisms are responsible 
for specialization of somatic cells-that 
sets of genes governing the various lux- 
my functions are retivntad or raprsased 
as required in the cells of the different 
tissues. Since bacterial and mammalian 
cells have very different properties and 
requirements, however, it would not be 
surprising if somatic cells have evolved 
some unique mechanisms for the regula- 
tion of gene activity. 

Working with Davidson and Kohtaro 
Yamamoto at Western Reserve, one of 
u_s @phrussi) cmed two cells. one of 
whjch synthesizes a certain luxury prod- 
I@. This differentiated parent is a line 

. . of tne,rgment and which is present in 
large 4 q ’ ’ ugntltles m the melanoma celfs. 
T\L..T- 11~ 1 .1 1 -‘w- 

,, 

VDVlOUSl wnen me melanoma~~~. 
fuse wikthe unpigmented ones -the ’ ” 
synthesis of the w i< h&e&&y : 

thegrohss leaame; to cioh -II p\,- 
duc%n is something that remains to be . 
determined. ” ___ dete& 

Some 
‘---*for continuous and rapid growth. Some 

light may be. shed on the mech- other highly differentiated cells no long- 
thasir;nf 
the u sm. a. . . . It 

er grow at all; the essential syntheses 
that occur in growing cells are arrested. 

must not have been irreversibly inacti- 
vated to begin with. 

ly segregate- behveen melano- 
ma cells and cells that do not produce 
t e pigment. If the genes responsible 

r producing melanin are active in the 
elanoma parent because of some stable 

hange at the chromosome level, and if 
hey are only temporarily repressed in 
he hybrid cells, then the loss of the re- 
ressing chromosomal material should 

bring a resumption of melanin synthesis, 

i 

If synthesis does not resume, one will 
ave to conclude &at the continuous 
reduction of melanin in the melanoma 
arent was hot due to a stable cellular 
ange in the first place. 

f’ The melanoma cell is a differentiated 
11 that synthesizes both a specialized 

roduct and all the enzymes necessary 

Does t&&&t a tog1 and definitive j!jn. _ . . w&us associated with 
It will bi most interesting to deter- 

mine precisely which of the numerous 
possible functions are resumed in these 
reactivated nuclei. Can the nuclei of 

ighly differentiated cells such as the 
red blood cells taken directly 

ahantively 
red blood cells be induced to perform 
not only some essential functions but 

m, undifferentiated human cells, also-specialized functions characteristic 
The human cells are characterized by-3 other differentiated cell types? It 
rapid synthesis of deoxyribonucleic acid 
@MA) and ribonucleic acid (RNA); the 

should he possible to answer this ques- 

synthesize neither and 
tion by determining the nature o’f the 

1. 
I__~______._,__ p:ed.uctr synthesized by red-cell nuclei 

hiehlv condensed nu- 
cti3cteEistic of quiescent cells. In 

that are reactivated by fusion with other 
--iitierentiated cells. A positive answer 

the hsrokaryons the red-cell nuclei w+-tdd open ;. new line of biochemical 
investigation of the factors that contr$ 

less condensed 
cellular differentiation in embryonic de- 

- .--3elopment. 
^^----..._. 

0mosome 16 alweys 
ledium in which cells survive only if 

osome must carry the gene-for TK. 
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